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Description

[0001] This invention refers to a system of visible light
communication for a mass transit vehicle, according to
claim 1.

Background of the Invention

[0002] Intoday’stime, when huge chunk of information
is required to be shared between the devices, high speed
communication and connection is need of the hour. The
need of high speed communication is furthered when
people are in transit. During transit, current communica-
tion technology always has fading of data signals.
[0003] Chinese Patent Publication number
CN101980458 discloses a mobile communication sys-
tem such as atrain and an airplane in a high-speed mobile
environment, and more particularly to a high-speed train
wireless communication device and method, belonging
to the field of wireless information transmission. In the
communication method proposed by the invention, the
relay station is arranged on the high-speed train, and the
channel propagation environment between each user
and the relay station is relatively static or slow to support
the higher data rate transmission. The high-speed com-
munication between the relay station and the base station
is a high-speed mobile channel between the relay station
and the base station, and the transmission mode be-
tween the relay station and the base station can be op-
timized.

[0004] US Patent Publication number US7242965 dis-
closes a wireless communication system includes a fixed
base transceiver station that includes a fixed base station
number and a fixed broadcast control channel (BCCH)
allocation list and broadcasts a fixed BCCH covering a
first range; and a first base transceiver station that in-
cludes a first number and a first BCCH allocation list.
When the first base transceiver station moves into the
firstrange, the first number is stored into the fixed BCCH
allocation list and the fixed base station number is stored
into the first BCCH allocation list.

[0005] US Patent Publication number
US20110230197 discloses a wireless communication
system and apparatus for ground to high speed train com-
munication. The proposed system exploits the train time
table, train operating scenarios and GSM-R timing pro-
vision so that the train-presence triggered broadband
wireless communication can be realized with better per-
formance and less cost.

[0006] Chinese Patent Publication number
CN105966423 discloses a high-speed train Internet sys-
tem based on a visible light communication technology
which is arranged in at least one compartment and in-
cludes an upstream optical transceiver, a downstream
optical transceiver, a cable network and a wireless router,
wherein the upstream optical transceiver and the down-
stream optical transceiver are respectively installed in
Each of the two ends of the vehicle; the upstream optical
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transceiver and the downstream optical transceiver in
the same compartment are connected through the cable
network; the upstream optical transceiver of the upper
section and the downstream optical transceiver of the
next section are connected with optical signals to transmit
the information And the wireless router is connected to
the cable network. The high-speed train Internet system
of the invention based on the visible light communication
technology realizes the high-speed information transmis-
sion between the cars through the transmission and re-
ception of the optical signal.

[0007] Document EP 2 056 492 A1 discloses a mobile
communication system for communication with a train
that uses leaky optical fibres with light receiver at the
track and lightreceivers on the train. Document WO 2014
/195 431 A1 discloses a system for continuous commu-
nication between an infrastructure and a mobile entity
with optical transponders. Document EP 1 724 952 A1
discloses a communication system with a leaking optical
fibre and a respective receiver.

[0008] The above said prior art, and current commu-
nication system has following shortfalls:

e Large-scale and nonstationary small-scale fading

* High speed of mass transit vehicles exceeding 250
km/h results in problems such as fast handover,

e Fast environment change, and large Doppler
spreads

e High penetration losses, limited visibility in tunnels,
and the harsh electromagnetic

* environment

* Longterm evolution-Railway (LTE-R) utilizes mobile
units inside the train for connecting to base stations
which results in spotty coverage, high penetration
losses of wireless signals

e Traveling through the metal carriages, fast changing
channels resulting in high signalling

*  Overhead, high possibility of drop calls and handover
failure

¢ There is an imbalance between uplink and downlink
in RF systems

¢ Even5Gcanprovide 10 Gbit/s rates for several users
in a train which is much lower compared with the
number of users in the train.

e Providing such high data rates are costly

Object of the Invention

[0009] Itistherefore the object of the present invention
to provide a technique for establishing a high speed data
communication foramass transitvehicle which is running
on track.

Description of the Invention
[0010] The before mentioned object is solved by a sys-

tem of visible light communication for a mass transit ve-
hicle, according to claim 1.
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[0011] The system of visible light communication helps
in solving the problem of high speed communication
while being in transit in mass transit vehicle, as visible
light communication helps in qualitative communication
channel establishment with high bandwidth into or out of
the mass transit vehicle.

[0012] Further preferred embodiments are subject-
matter of dependent claims and/or of the following spec-
ification parts.

[0013] Accordingtoapreferred embodimentofthe sys-
tem, the system comprising a first series of light sources
and a first series of photodetectors placed on the base
of the mass transit vehicle or in proximity to the base of
the mass transit vehicle, and a second series of light
sources and a second series of photodetectors placed
on the track or in proximity to the track, wherein the first
series of light sources is adapted to establish a first one-
to-one visible light communication channel with the sec-
ond series of photodetectors to communicate data out of
the mass transit vehicle, and the second series of light
sources is adapted to establish a second one-to-one vis-
ible light communication channel with the first series of
photodetectors to communicate datainto the mass transit
vehicle.

[0014] This embodiment is beneficial as it provides for
bidirectional communication out of the mass transit ve-
hicle, and into the mass transit vehicle.

[0015] According to a further embodiment of the sys-
tem, wherein the first series of light sources is placed in
interspacing fashion between the first series of photode-
tectors.

[0016] This embodiment is helpful, as it provided for
an efficient way to design the communication infrastruc-
ture for the mass transit vehicle.

[0017] According to another embodiment of the sys-
tem, wherein the second series of light sources is placed
in interspacing fashion between the second series of pho-
todetectors.

[0018] This embodiment is helpful, as it provided for
an efficient way to design the communication infrastruc-
ture for the track on which the mass transit vehicle runs.
[0019] According to a further preferred embodiment of
the system, wherein the series of light sources is placed
in equal inter-distance symmetrically with respectto each
other, and the series of photodetectors are placed in
equal inter-distance symmetrically with respect to each
other.

[0020] This embodiment is beneficial, as symmetric
placement provides for efficient and continuous commu-
nication speed between the mass transit vehicle and the
track.

[0021] According to a further embodiment of the sys-
tem, wherein the mass transit vehicle is train and the
track is a pair of rail, such that atleast one of the series
of light sources or the series photodetectors are placed
between the pair of rail.

[0022] This embodimentis beneficial, as it provides an
efficient implementation of the invention onto a railway
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network, by placing the communication infrastructure on
train, as well as rails on which train runs.

[0023] According to another embodiment of the sys-
tem, the system comprising the series of an array of light
source placed either on the base of the mass transit ve-
hicle, or in proximity of the base of the mass transit ve-
hicle, or on the track, or in proximity of the track, and the
series of an array of photodetectors placed either on the
base of the mass transit vehicle, or in proximity of the
base of the mass transit vehicle, or on the track, or in
proximity of the track, wherein number of light sources
in the array are equal to number of photodetectors in the
array, such thatto establish an array of one-to-one visible
light communication channels between the light sources
of the array of light sources, and the photodetectors of
the array of photodetectors.

[0024] This embodiment is beneficial, as it further en-
hances bandwidth of the communication for the mass
transit vehicle. The array of light source and photodetec-
tors substantially increases communication channel es-
tablished for the mass transit vehicle at a given time
stamp. Increase in communication channels result in in-
crease in bandwidth for communication.

[0025] According to a further preferred embodiment of
the system, wherein the light source is inserted into bot-
tom of a first box and the photodetector is inserted into
bottom of the second box, wherein when the first box is
in line of sight of the second box, the bottom of the first
box in which the light source is inserted is farthest to the
bottom of the second box in which the photodetector is
inserted.

[0026] This embodimentis beneficial, as it reduces in-
terference between the light source and the photo detec-
tors which are not in direct line of sight to each other.
Hence, this embodiment increases quality of communi-
cation channel established.

[0027] According to a further embodiment of the sys-
tem, wherein the light source is light emitting diode.
[0028] This embodimentis beneficial, as it provides for
efficient and fast modulation of the data to the light
source, hence establishing faster communication chan-
nel for data transfer. As light emitting diode are semicon-
ductor based, hence they can be easily handled for fast
switching on and off of the light for encoding data to be
sent through light, which result in fast communication.
[0029] According to another embodiment of the sys-
tem, wherein the light source and the photodetector are
adapted to establish color coded visual light communi-
cation channel.

[0030] This embodimentis beneficial, as it provides for
a substantial degree of freedom for visible light commu-
nication. Various known techniques can be used for color
coding, such as color shift keying, color intensity modu-
lation, or metameric modulation, or any other known color
coding scheme which can be applied to visible light com-
munication.

[0031] According to a further embodiment of the sys-
tem, wherein the light source and the photodetector are
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adapted to establish intensity modulated visual light com-
munication channel.

[0032] This embodiment is beneficial, as it provides for
another way to provide efficiency in visible light commu-
nication by coding data through modulating the intensity
of light.

[0033] According to a further embodiment of the sys-
tem, the system comprising a velocity acceleration esti-
mation unit adapted to estimate velocity of the mass tran-
sit vehicle and to synchronize the data transmission be-
tween the light source and the photodetector.

[0034] This embodiment is beneficial, as the velocity
acceleration estimation unit helps in synchronizing the
data transmission between the track and the mass transit
vehicle, which results in quality communication, with least
loss of data.

[0035] According to a further embodiment of the sys-
tem, wherein the velocity acceleration estimation unit
comprises a vehicle velocity acceleration estimation
module placed on the vehicle and a track velocity accel-
eration estimation unit placed on the track or in proximity
to the track, wherein the vehicle velocity acceleration es-
timation module and the track velocity acceleration esti-
mation module cooperate together or functions individu-
ally to estimate the velocity of the mass transit vehicle.
[0036] This embodiment is beneficial, as the presence
of velocity acceleration estimation module at both the
vehicle and the track helps in better estimation of the
vehicle velocity, and accordingly better synchronize the
data transmission between the vehicle and the track.
[0037] According to a further embodiment of the sys-
tem, the system comprising a modulator adapted to mod-
ulate light with the data and to further transfer the light
to the light source for emitting the modulated light, and
a demodulator adapted to receive the modulated light
from the photodetector, and to demodulate the light and
to extract data for further communication.

[0038] This embodiment is helpful, as it provides for
modulating the light with a mechanism desired by the
user of the communication system, which shall be difficult
to program, if the modulator and demodulator shall be
part of the light source and the photodetector respective-
ly.

[0039] According to a further embodiment of the sys-
tem, wherein the photodetectors are adapted detect only
light with specific color or only white light.

[0040] This embodimentis helpful, as the photodetec-
tors can detect only the relevant color and disregard any
other color, thus brings efficiency and quality in the data
communication.

[0041] Further benefits, goals and features of the
presentinvention will be described by the following spec-
ification of the attached figures, in which components of
the invention are exemplarily illustrated. Components of
the devices and method according to the inventions,
which match at least essentially with respect to their func-
tion, can be marked with the same reference sign, where-
in such components do not have to be marked or de-
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scribed in all figures.
[0042] The invention is just exemplarily described with
respect to the attached figure in the following.

Brief Description of the Drawings
[0043]

Fig. 1 shows a schematic diagram of the system of
visible light communication for a mass transit vehicle.

Fig. 2 shows communication channel established
between array of photodetectors and array of light
source.

Fig. 3 shows the light source and the photodetector
in line of sight and being inserted in boxes.

Fig 4. Is a block diagram of the system of visible light
communication for a mass transit vehicle.

Detailed Description of the Drawings

[0044] Thepresentinvention provides an ultra-high da-
ta rate (Tbit/s) communications to high speed trains for
both uplink and downlink, by utilizing a networking infra-
structure with visible light communications without any
detrimental effects of RF radiation and with significantly
low cost.

[0045] While describing the figures, the references
may be made to the elements present in other figures.
[0046] Fig. 1 shows a schematic diagram of the system
1 of visible light communication for a mass transit vehicle
2 which is running on track 3. The mass transit vehicle 2
is a train and the track 3 is pair of rails, the train is running
on the pair of rails. The mass transit vehicle 2 is provided
with a first series 8 of light sources 4 placed in interspac-
ing fashion between a first series 9 of photodetectors 6,
such that the light sources 4 are placed alternatively in
between the photodetectors 6. The track 3 is provided
with a second series 11 of light sources 4 placed in inter-
spacing fashion between a second series 12 of photo-
detectors 6, such that the light sources 4 are placed al-
ternatively in between the photodetectors 6 between the
par of rails 3. In an alternate embodiment, for two-way
communication, the above-said interspacing pattern may
not be followed, rather there can be another arrangement
where one photodetector 6 is placed after every two light
sources 4 on the track 3, and one light source 4 is placed
after every two photodetectors 6 on the base 5 of the
track 3. However, this provides different bandwidth for
uplink and downlink on the railway network. As desired,
the communication infrastructure can be optimized to
achieve a particular speed and quality of communication.
[0047] The communication is established between the
light sources 4 of the first series 8 and the photodetectors
6 of the second series 12, and between the light sources
4 of the second series 11 and the photodetectors 6 of
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the first series 9. When the light sources 4 are in line of
sight of sight of the photodetectors 6, a one-to-one com-
munication channel 7 is established from the light source
4 to the photodetectors 6. Over this one-to-one commu-
nication channel 7, a modulated or coded light is trans-
mitted which is captured by the photodetectors 6 where
it is decoded or demodulated to further communicate the
data through other communication medium and protocol.
When the light sources 4 of the first series 8 and the
photodetectors 6 of the second series 12 are in line of
sight to each other a first one-to-one communication
channel 13 is established between them, and the data is
transmitted out of the mass transit vehicle 2. When the
light sources 4 of the second series 11 and the photode-
tectors 6 of the first series 9 are in line of sight to each
other a second one-to-one communication channel 10 is
established between them, and the data is transmitted
into of the mass transit vehicle 2.

[0048] The first series 8 of light source 4 and the first
series 9 of photodetectors 6 are placed on the base 5 of
the mass transit vehicle 2, outside of the mass transit
vehicle 2 facing the track 3. In one embodiment, the first
series 8 of light source 4 and the first series 9 of photo-
detectors 6 need not be placed on the base 5, but in
proximity of the base 5, however in such a way, so that
a line of sight can be maintained to the second series 11
of light source 4 and the second series 12 of photode-
tectors 6. In one embodiment, where the base 5 of the
mass transit vehicle 2 is transparent, the first series 8 of
light source 4 and the first series 9 of photodetectors 6
can also be placed on the base 5 of the mass transit
vehicle 2, however inside of the mass transit vehicle 2.

[0049] The second series 11 of light source 4 and the
second series 9 of photodetectors 6 are placed on the
track 3. However, in one embodiment, the second series
11 of light source 4 and the second series 12 of photo-
detectors 6 can be placed in proximity to the track, how-
ever in such way that the line of sight is maintained with
the first series 8 of light source 4 and the first series 9 of
photodetectors 6.

[0050] In one embodiment, the light sources 4 in the
series 8, 11 of light sources 4 are placed in equal inter-
distance symmetrically with respect to each other, and
the photodetectors 6 in the series 9, 12 of photodetectors
6 are placed in equal inter-distance symmetrically with
respect to each other. This further helps in improving the
quality of communication on railway network.

[0051] Inone embodiment, there is only one-way com-
munication between the mass transit vehicle 2 and the
track 3, and there is either the photodetectors 6 or the
light sources 4 placed on the mass transit vehicle 2. And,
if the mass transit vehicle 2 is provided with light sources
4, then the track 3 is provided with the photodetectors 6.
And, if the mass transit vehicle 2 is provided with photo-
detectors 6, then the track 3 is provided with the light
sources 4.

[0052] As shown in Fig. 2, in spite single light source
4 at a particular point, an array 14 of light source 4 can
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be provided at a particular point or location in the mass
transit vehicle 2. Similarly, in spite single photodetector
6 at a particular point, an array 13 of photodetectors 6
can be provided at a particular point or location onto the
track 3. Hence, the communication infrastructure be-
tween the mass transit vehicle 2 and the track 3 is es-
tablished by providing a first series 8 of array 14 of light
source 4 on the base 5 of the mass transit vehicle 2, and
a first series 9 of array 13 of the photodetectors 6 onto
the base 5 of the mass transit vehicle 2, and second
series 11 of array 14 of light source 4 on the track 3, and
a second series 12 of array 13 of the photodetectors 6
onto the track 3. The array 13, 14 helps to numerically
enhance establishment of one-to-one communication
channel 7 between the mass transit vehicle 2 and the
track 3.

[0053] Fig. 3 shows the placement of the light source
4 and the photodetectors 6, such that a field of view 25
is limited between the light source 4 and the mass transit
vehicle 2. The light source 4 is inserted into bottom 17
of a first box 18 and the photodetector 6 is inserted into
bottom 19 of a second box 20. When the first box 18 is
in line of sight of the second box 18, the bottom 17 of the
first box 18 in which the light source 4 is inserted is far-
thest to the bottom 19 of the second box 20 in which the
photodetector 6 is inserted. In this arrangement, due to
the side walls of the boxes 18, 20, the field of view be-
tween the light source 4 and the photodetectoris reduced
and kept limited 25, which helps in reduction of interfer-
ence of light waves which are not in direct sight of the
photodetectors 6. The limitations of the field of view 25
can be varied by changing height of the walls of the boxes
18, 20, which are being extended from the bottom 17,
19. The limitations of the field of view 25 can also be
varied by changing dimensions of the bottoms 17, 19 of
the boxes 18, 20. For better synchronization of data com-
munication between the photodetectors 6 and the light
source 4, the dimensions of the boxes 18, 20 should be
similar.

[0054] Fig. 4 shows a block diagram of the system 1
of visible light communication for a mass transit vehicle
2. The system 1 is implemented over a transit network
of the mass transit vehicle 2 and the track 3. The mass
transit includes a light source 4, as well as a photodetec-
tor 6. Also, the track is provided with light source 4, as
well as a photodetector 6. The light source 4 of the mass
transit vehicle 2 emits modulated light, while the photo-
detector 6 of the track 3 receives the modulated light.
And, the light source 4 of the track 3 emits modulated
light, while the photodetector 6 of the mass transit vehicle
2 receives the modulated light. For modulating the light,
both the mass transit vehicle 2 and the track 3 are pro-
vided with modulators 23. For demodulating the light,
both the mass transit vehicle 2 and the track 3 are pro-
vided with demodulators 24. The modulators 23 works
in cooperation with the light source 4, and modulate the
light with data to be transmitted and thereafter transmit
the light through the light source 4. When the light is re-
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ceived by the photodetectors 6, it is demodulated with
the help of demodulators 24 to extract the data to be
further transmitted. There are bidirectional one-to-one
communication channels 7, 10, 13 established which
helps to transmit the data into the mass transit vehicle 2
and out of the mass transit vehicle 2.

[0055] The system 1 is also provided with a velocity
acceleration estimation unit 21, 22 which estimates ve-
locity of the mass transit vehicle 2 and facilitate in syn-
chronizing the data transmission between the light
source 4 and the photodetector 6. Based on the velocity
of the mass transit vehicle 2 estimated, the velocity ac-
celeration estimation unit 21, 22 coordinated with the
modulator 23 and demodulator 24 for synchronizing the
data transmission. The velocity acceleration estimation
unit 21, 22 has two modules, i.e., a vehicle velocity ac-
celeration estimation module 21 placed on the masstran-
sit vehicle 2 and a track velocity acceleration estimation
module 22 placed on the track 3 or in proximity to the
track 3. The vehicle velocity acceleration estimation mod-
ule 21 and the track velocity acceleration estimation mod-
ule 22 cooperate together or individually estimates the
velocity of the mass transit vehicle 2. Based on the ve-
locity of the mass transit vehicle 2 estimated, the vehicle
velocity acceleration estimation module 21 coordinates
with the modulator 23 and demodulator 24 placed on the
mass transit vehicle 2, and the track velocity acceleration
estimation module 22 coordinates with the modulator 23
and demodulator 24 placed on the track 3 for synchro-
nizing the data transmission. In one embodiment, there
is no separate velocity acceleration estimation modules
21, 22 are required, rather there can be one velocity ac-
celeration estimation module, which can be either placed
in proximity or on track 3, or in proximity or on the mass
transit vehicle 2, and coordinates further modulators 23
and demodulators 24 of both the mass transit vehicle 2
and the track 3 for synchronizing data transmission.
[0056] In one embodiment, the light source 4 is light
emitting diodes (LEDs), which can be easily programmed
for switching off and switching on at a very high speed
and in a qualitative fashion, as they are semiconductor
based, and can be easily programmed. This support for
high speed and quality communication while being on
transit.

[0057] Thelightsource 4 and the photodetectors 6 can
be programmed in such a way, so that either color coded
communication or intensity modulated communication
can be established onto the one-to-one communication
channel 7 is established between the light source 4 and
the photo detector 6.

[0058] In one embodiment, the photodetector 6 is pro-
grammed to detect only light with specific color or only
white light.

[0059] Theinvention is best explained with below-said
example. For example, if a train has length of 111 meters
and its velocity is 400 km/h, then at each second it travels
111 meters, as much as its length. Assume that the pho-
todetector and the LED arrays are equally distributed
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through the length of the train and the rails, and there are
in total of N photodetectors and N LED arrays on the
train. Then, at each second, N LED arrays pass on top
of each photodetectors on the railway through the length
of the train. If each LED blinks or operates at N MHz,
then each LED on the train sends another intensity or
color pulse to each one of N photodetectors under the
train while the train moves. In a sense, as the pulse
changes in LED, it encounters another photodetector un-
der the train and on the rails. Therefore, it spreads all the
N pulses to N different photodetectors on the rails. If we
assume that, each photodetector on the rails gets anoth-
er data from each different N LED on the train, then it is
possible to create a channel which transmits N*2 sym-
bols at each second, by utilizing all the LEDs on the train.
The same calculation is valid for the reverse channel,
i.e., from the railway to the train. Then, it is possible to
obtain a channel with N*2 symbols/second. In the worst
case, without any color coded visible light communica-
tions, but only with intensity modulated visible light com-
munications, it should result in N*2 bits/second. If color
coded or more improved constellations are allowed, it
could significantly increase the data rates. The commer-
cially available LEDs allow N < 1027 Hz. Therefore, even
with N = 1076, a downlink and uplink channel of 1072
symbols/second can be provides, which is 1 Tera symbol
for each second significantly higher than even future fifth
generation (5G) standards. If 3 bits/s/Hz efficiency is ob-
tained, then 3 Tbit/s downlink and uplink channel can be
provided which is not possible with 5G. For N = 106 and
a classical train length 111 meter, it corresponds to LED
and photodetectors sizes less than 111/10*6 = 0.1 mil-
limeter.

[0060] The technology of current invention has appli-
cation in any mass transit vehicle which is running on
track, like high speed trains, mass rapid transit system,
light rail transit system, on road travelling vehicles like
buses, etc.

[0061] Insummary, a system 1 of visible light commu-
nication for a mass transit vehicle 2 is disclosed, wherein
the mass transit vehicle 2 is adapted to run on a track 3,
the system comprising a series of light sources 4 placed
either on a base 5 of the mass transit vehicle 2, or in
proximity of the base 5 of the mass transit vehicle 2, or
on the track 3, or in proximity of the track 3, and a series
of photodetectors 6 placed either on the base 5 of the
mass transit vehicle 2, or in proximity of the base 5 of the
mass transit vehicle 2, or on the track 3, or in proximity
of the track 3, wherein each of the light source 4 is adapt-
ed to establish one-to-one visible light communication
channel 7 with each of the photodetectors 6 at a time
stamp, such that a data being carried by light from the
light sources 4 at the time stamp is transferred to the
photodetectors 6 for further communication of data either
into the mass transit vehicle (2) or out of the mass transit
vehicle 2.
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List of reference numbers

[0062]

o ~NO O WN =

system of visible light communication

mass transit vehicle

track

light source

base of the mass transit vehicle

photodetector

one-to-one visible le light communication channel
first series of light sources

9 first series of photodetectors

10  second one-to-one visible communication channel

11 second series of light sources

12  second series of photodetectors

13  first one-to-one visible light communication chan-
nel

14  array of light sources

15 array of photodetectors

16 array of one-to-one visible light communication
channels

17  bottom of first box

18  first box

19  bottom of second box

20  second box

21 vehicle velocity acceleration estimation module

22 track velocity acceleration estimation module

23  modulator

24  demodulator

25  Field of view

Claims

1. A system (1) of visible light communication for a

mass transit vehicle (2), wherein the mass transit
vehicle (2)is adapted to run onatrack (3), the system
comprising:

- a first series of visible light sources (4) placed
either on a base (5) of the mass transit vehicle
(2), or in proximity of the base (5) of the mass
transit vehicle (2), or on the track (3), or in prox-
imity of the track (3); and

- afirst series of photodetectors (6) placed either
on the base (5) of the mass transit vehicle (2),
or in proximity of the base (5) of the mass transit
vehicle (2), or on the track (3), or in proximity of
the track (3),

wherein each of the light sources (4) is adapted to
establish one-to-one visible light communication
channel (7) with each of the photodetectors (6) at a
time stamp, such that data being carried by light from
the light sources (4) at the time stamp is transferred
to the photodetectors (6) for further communication
of data either into the mass transit vehicle (2) or out
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of the mass transit vehicle (2);

characterized by further comprising a velocity ac-
celeration estimation unit adapted to estimate veloc-
ity of the mass transit vehicle (2) and to synchronize
the data transmission between the light source (4)
and the photodetector (6) according to the estimated
velocity, wherein the velocity acceleration estimation
unit comprising a vehicle velocity acceleration esti-
mation module (21) placed on the mass transit ve-
hicle (2) and a track velocity acceleration estimation
module (22) placed on the track (3) or in proximity
to the track (3), wherein the vehicle velocity accel-
eration estimation module (21) and the track velocity
acceleration estimation module (22) are adapted to
cooperate together or function individually to esti-
mate the velocity of the mass transit vehicle (2).

The system (1) according to claim 1, wherein the first
series (8) of light sources (4) and the first series (9)
of photodetectors (6) are placed on the base (5) of
the mass transit vehicle (2) or in proximity to the base
(5) of the mass transit vehicle (2); the system further
comprising

- a second series (11) of visible light sources (4)
and a second series (12) of photodetectors (6)
placed on the track (3) or in proximity to the track
3),

wherein the first series (8) of light sources (6) is
adapted to establish a first one-to-one visible
light communication channel (13, 7) with the
second series (12) of photodetectors (6) to com-
municate data out of the mass transit vehicle
(2), and the second series (11) of light sources
(4) is adapted to establish a second one-to-one
visible light communication channel (10, 7) with
the first series (9) of photodetectors (6) to com-
municate data into the mass transit vehicle (2).

The system (1) according to claim 2, wherein the first
series (8) oflight sources (4) is placed in interspacing
fashion between the first series (9) of photodetectors

(6).

The system (1) according to any of the claims 2 or
3, wherein the second series (11) of light sources (4)
is placed in interspacing fashion between the second
series (12) of photodetectors (6).

The system (1) according to any of the claims 3 or
4, wherein the series (8, 11) of light sources (4) is
placed in equal inter-distance symmetrically with re-
spect to each other, and the series (9, 12) of photo-
detectors (6) is placed in equal inter-distance sym-
metrically with respect to each other.

The system (1) according to any of the claims 1 to
5, wherein the mass transit vehicle (2) is a train and
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the track (3) is a pair of rails, such that at least one
of the series (8,11) of light sources (4) or one of the
series (9,12) of photodetectors (6) is placed between
the pair of rails.

The system (1) according to any of the claims 1 to 6
wherein

- the series (8, 11) of light sources (4) is an array
(14) of light sources (4) placed either on the base
(5) of the mass transit vehicle (2), or in proximity
of the base (4) of the mass transit vehicle (2), or
on the track (3), or in proximity of the track (3);
and

- the series (9, 12) of photodetectors (6) is an
array (15) of photodetectors (6) placed either on
the base (5) of the mass transit vehicle (2), or in
proximity of the base (5) of the mass transit ve-
hicle (2), or on the track (3), or in proximity of
the track (3),

wherein the number of light sources (4) in the array
(14) is equal to the number of photodetectors (6) in
the array (15), such that to establish an array (16) of
one-to-one visible light communication channels (7)
between the light sources (4) of the array (14) of light
sources (4), and the photodetectors (6) of the array
(15) of photodetectors (6).

The system (1) according to any of the claims 1 to
7, wherein the light source (4) is inserted into a bot-
tom (17) of a first box (18) and the photodetector (6)
is inserted into a bottom (19) of a second box (20),
wherein when the first box (18) is in line of sight of
the second box (18), the bottom (17) of the first box
(18) inwhich the light source (4) is inserted is farthest
to the bottom (19) of the second box (20) in which
the photodetector (6) is inserted.

The system (1) according to any of the claims 1 to
8, whereinthelightsource (4)is alight emitting diode.

The system (1) according to any of the claims 1 to
9, wherein the light source (4) and the photodetector
(6) are adapted to establish a color coded visual light
communication channel (7).

The system (1) according to any of the claims 1 to
9, wherein the light source (4) and the photodetector
(6) are adapted to establish an intensity modulated
visual light communication channel (7).

The system (1) according to any of the claims 1 to
11 comprising:

-amodulator (23) adapted to modulate light with
the data and to further transfer the light to the
light source (4) for emitting the modulated light;
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- a demodulator (24) adapted to receive the
modulated light from the photodetector (6), and
to demodulate the light and to extract data for
further communication.

13. The system (1) according to any of the claims 1 to

12, wherein the photodetector (6) is adapted to de-
tect only light with specific color or only white light.

Patentanspriiche

1.

System (1) zur Kommunikation mit sichtbarem Licht
fiur ein Massentransitfahrzeug (2), wobei das Mas-
sentransitfahrzeug (2) zum Fahren auf einem Gleis
(3) angepasst ist, wobei das System umfasst:

- eine erste Reihe von Quellen (4) fir sichtbares
Licht, die entweder auf einer Basis (5) des Mas-
sentransitfahrzeugs (2) oderinder Nahe der Ba-
sis (5) des Massentransitfahrzeugs (2) oder auf
dem Gleis (3) oder in der Nahe des Gleises (3)
angeordnet sind; und

- eine erste Reihe von Fotodetektoren (6), die
entweder auf der Basis (5) des Massentransit-
fahrzeugs (2) oder in der Nahe der Basis (5) des
Massentransitfahrzeugs (2) oder auf dem Gleis
(3) oder in der Nahe des Gleises (3) angeordnet
sind,

wobei jede der Lichtquellen (4) so angepasst ist,
dass sie einen Eins-zu-Eins-Kommunikationskanal
(7) fur sichtbares Licht mitjedem der Fotodetektoren
(6) zu einem Zeitstempel aufbaut, so dass Daten,
die durch Licht von den Lichtquellen (4) zu dem Zeit-
punkt des Zeitstempels Ubertragen werden, zu den
Fotodetektoren (6) zur weiteren Kommunikation von
Daten entweder in das Massentransitfahrzeug (2)
oder aus dem Massentransitfahrzeug (2) heraus
Ubertragen werden;

dadurch gekennzeichnet, dass es weiterhin um-
fasst

eine Geschwindigkeitsbeschleunigungs-Schatzein-
heit, die geeignet ist, die Geschwindigkeit des Mas-
sentransitfahrzeugs (2) zu schatzen und die Daten-
Ubertragung zwischen der Lichtquelle (4) und dem
Fotodetektor (6) entsprechend der geschatzten Ge-
schwindigkeit zu synchronisieren, wobei die Ge-
schwindigkeitsbeschleunigungs-Schéatzeinheit ein
auf dem Massentransitfahrzeug (2) angeordnetes
Fahrzeuggeschwindigkeits-Beschleunigungs-
Schatzmodul (21) und ein auf dem Gleis (3) oder in
der Nahe des Gleises (3) angeordnetes Gleisge-
schwindigkeits-Beschleunigungs-Schatzmodul (22)
umfasst, wobei das Modul (21) zur Schatzung der
Fahrzeuggeschwindigkeitsbeschleunigung und das
Modul (22) zur Schatzung der Bahngeschwindig-
keitsbeschleunigung so angepasst sind, dass sie zu-
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sammenwirken oder einzeln funktionieren, um die
Geschwindigkeit des Massentransitfahrzeugs (2) zu
schatzen.

System (1) nach Anspruch 1, wobei die erste Reihe
(8) von Lichtquellen (4) und die erste Reihe (9) von
Fotodetektoren (6) auf der Basis (5) des Massen-
transitfahrzeugs (2) oder in der Nahe der Basis (5)
des Massentransitfahrzeugs (2) angeordnet sind;
wobei das System ferner umfasst

- eine zweite Reihe (11) von sichtbaren Licht-
quellen (4) und eine zweite Reihe (12) von Fo-
todetektoren (6), die auf der Spur (3) oder in der
Nahe der Spur (3) angeordnet sind,

wobei die erste Reihe (8) von Lichtquellen (6) ange-
passt ist, um einen ersten Eins-zu-Eins-Kommuni-
kationskanal (13, 7) fur sichtbares Licht mit der zwei-
ten Reihe (12) von Fotodetektoren (6) aufzubauen,
um Daten aus dem Massentransitfahrzeug (2) zu
Ubertragen, und die zweite Reihe (11) von Lichtquel-
len (4) angepasst ist, um einen zweiten Eins-zu-
Eins-Kommunikationskanal (10, 7) fir sichtbares
Licht mit der ersten Reihe (9) von Fotodetektoren (6)
aufzubauen, um Daten in das Massentransitfahr-
zeug (2) zu ubertragen.

System (1) nach Anspruch 2, bei demdie erste Reihe
(8) von Lichtquellen (4) mit Abstand zwischen der
ersten Reihe (9) von Fotodetektoren (6) angeordnet
ist.

System (1) nach einem der Anspriiche 2 oder 3, wo-
bei die zweite Reihe (11) von Lichtquellen (4) mit
Abstand zwischen der zweiten Reihe (12) von Foto-
detektoren (6) angeordnet ist.

System (1) nach einem der Anspriiche 3 oder 4, wo-
bei die Reihen (8, 11) von Lichtquellen (4) in glei-
chem Abstand symmetrisch zueinander angeordnet
sind und die Reihen (9, 12) von Fotodetektoren (6)
in gleichem Abstand symmetrisch zueinander ange-
ordnet sind.

System (1) nach einem der Anspriiche 1 bis 5, wobei
das Massentransitfahrzeug (2) ein Zug ist und das
Gleis (3) ein Schienenpaar ist, so dass mindestens
eine der Reihen (8, 11) von Lichtquellen (4) oder
eine der Reihen (9, 12) von Fotodetektoren (6) zwi-
schen dem Schienenpaar angeordnet ist.

Das System (1) nach einem der Anspriiche 1 bis 6,
wobei

-dieReihe (8, 11) vonLichtquellen (4) eine Array
(14) von Lichtquellen (4) ist, die entweder auf
der Basis (5) des Massentransitfahrzeugs (2)
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10.

1.

12.

13.

oder in der Nahe der Basis (4) des Massentran-
sitfahrzeugs (2) oder auf dem Gleis (3) oder in
der Nahe des Gleises (3) angeordnet ist; und

- die Reihe (9, 12) von Fotodetektoren (6) eine
Array (15) von Fotodetektoren (6) ist, die entwe-
der auf der Basis (5) des Massentransitfahr-
zeugs (2) oder in der Nahe der Basis (5) des
Massentransitfahrzeugs (2) oder auf dem Gleis
(3) oder in der Nahe des Gleises (3) angeordnet
ist,

wobei die Anzahl der Lichtquellen (4) in dem Array
(14) gleich der Anzahl der Fotodetektoren (6) in dem
Array (15) ist, so dass ein Array (16) von Eins-zu-
Eins-Kommunikationskanalen (7) fur sichtbares
Licht zwischen den Lichtquellen (4) des Arrays (14)
von Lichtquellen (4) und den Fotodetektoren (6) des
Arrays (15) von Fotodetektoren (6) aufgebaut wird.

System (1) nach einem der Anspriiche 1 bis 7, wobei
die Lichtquelle (4) in einen Boden (17) eines ersten
Kastens (18) und der Fotodetektor (6) in einen Bo-
den (19) eines zweiten Kastens (20) eingesetzt ist,
wobei, wenn der erste Kasten (18) in der Sichtlinie
des zweiten Kastens (18) ist, der Boden (17) des
ersten Kastens (18), in den die Lichtquelle (4) ein-
gesetzt ist, am weitesten vom Boden (19) des zwei-
ten Kastens (20) entferntist, in den der Fotodetektor
(6) eingesetzt ist.

System (1) nach einem der Anspriiche 1 bis 8, bei
dem die Lichtquelle (4) eine Leuchtdiode ist.

Das System (1) nach einem der Anspriiche 1 bis 9,
wobei die Lichtquelle (4) und der Fotodetektor (6) so
ausgebildet sind, dass sie einen farbcodierten visu-
ellen Lichtkommunikationskanal (7) bilden.

Das System (1) nach einem der Anspriiche 1 bis 9,
wobei die Lichtquelle (4) und der Fotodetektor (6) so
angepasst sind, dass sie einen intensitatsmodulier-
ten visuellen Lichtkommunikationskanal (7) aufbau-
en.

Das System (1) nach einem der Anspriiche 1 bis 11,
umfassend:

- einen Modulator (23), der dazu geeignet ist,
Licht mitden Daten zu modulieren und das Licht
weiter zur Lichtquelle (4) zu tUbertragen, um das
modulierte Licht zu emittieren;

- einen Demodulator (24), der dazu ausgelegt
ist, das modulierte Licht von dem Fotodetektor
(6) zu empfangen und das Licht zu demodulie-
ren und Daten fir die weitere Kommunikation
zu extrahieren.

System (1) nach einem der Anspriiche 1 bis 12, wo-
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bei der Fotodetektor (6) so ausgelegt ist, dass er nur
Licht mit einer bestimmten Farbe oder nur weilles
Licht erfasst.

Revendications

Systeme (1) de communication en lumiere visible
pour un véhicule de transport en commun (2), dans
lequel le véhicule de transport en commun (2) est
adapté pour rouler sur une voie (3), le systeme
comprenant :

- une premiere série de sources de lumiere vi-
sible (4) placées soit sur une base (5) du véhi-
cule de transporten commun (2), soita proximité
de la base (5) du véhicule de transport en com-
mun (2), soit sur la piste (3), soit a proximité de
la piste (3) ; et

- une premiere série de photodétecteurs (6) pla-
cés soit sur la base (5) du véhicule de transport
en commun (2), soit a proximité de la base (5)
du véhicule de transport en commun (2), soit sur
la voie (3), soit a proximité de la voie (3),

dans lequel chacune des sources de lumiére (4) est
adaptée pour établir un canal de communication de
lumiere visible (7) de un a un avec chacun des pho-
todétecteurs (6) a un moment donné, de sorte que
les données transportées par la lumiere des sources
de lumiére (4) au moment donné sont transférées
aux photodétecteurs (6) pour une communication ul-
térieure des données soit dans le véhicule de trans-
porten commun (2) soithors du véhicule de transport
en commun (2) ;

caractérisé en ce qu’il comprend en outre

une unité d’estimation de I'accélération de la vitesse
adaptée pour estimer la vitesse du véhicule de trans-
port en commun (2) et pour synchroniser la trans-
mission de données entre la source lumineuse (4)
et le photodétecteur (6) en fonction de la vitesse es-
timée, dans laquelle 'unité d’estimation de I'accélé-
ration de la vitesse comprend un module d’estima-
tion de I'accélération de la vitesse du véhicule (21)
placé sur le véhicule de transport en commun (2) et
un module d’estimation de I'accélération de la vites-
se de la voie (22) placé sur la voie (3) ou a proximité
de la voie (3), dans lequel le module d’estimation de
I'accélération de la vitesse du véhicule (21) et le mo-
dule d’estimation de I'accélération de la vitesse de
la voie (22) sont adaptés pour coopérer ensemble
ou fonctionner individuellement pour estimer la vi-
tesse du véhicule de transport en commun (2).

Systeme (1) selon la revendication 1, dans lequel la
premiere série (8) de sources lumineuses (4) et la
premiere série (9) de photodétecteurs (6) sont pla-
cées surlabase (5) du véhicule de transport en com-
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10

mun (2) ou a proximité de la base (5) du véhicule de
transport en commun (2) ; le systéme comprenant
en outre

- une deuxiéme série (11) de sources de lumiere
visible (4) et une deuxieme série (12) de photo-
détecteurs (6) placés sur la voie (3) ou a proxi-
mité de celle-ci,

dans lequel la premiere série (8) de sources lumi-
neuses (6) est adaptée pour établir un premier canal
de communication de lumiére visible un a un (13, 7)
avec la deuxiéme série (12) de photodétecteurs (6)
pour communiquer des données a I'extérieur du vé-
hicule de transport en commun (2), et la deuxiéme
série (11) de sources lumineuses (4) est adaptée
pour établir un deuxiéme canal de communication
de lumiére visible un a un (10, 7) avec la premiéere
série (9) de photodétecteurs (6) pour communiquer
des données dans le véhicule de transport en com-
mun (2).

Systeme (1) selon la revendication 2, dans lequel la
premiere série (8) de sources lumineuses (4) est pla-
cée de maniére espacée entre la premiere série (9)
de photodétecteurs (6).

Systeme (1) selon I'une des revendications 2 ou 3,
dans lequel la deuxiéme série (11) de sources lumi-
neuses (4) est placée de maniere espacée entre la
deuxieme série (12) de photodétecteurs (6).

Systeme (1) selon I'une des revendications 3 ou 4,
dans lequel la série (8, 11) de sources lumineuses
(4) est placée a égale distance les unes des autres
de maniere symétrique, et la série (9, 12) de photo-
détecteurs (6) est placée a égale distance les unes
des autres de maniere symétrique.

Systeme (1) selon I'une des revendications 1 a 5,
dans lequel le véhicule de transport en commun (2)
est un train et la voie (3) est une paire de rails, de
telle sorte qu’au moins une des séries (8, 11) de
sources lumineuses (4) ou une des séries (9, 12) de
photodétecteurs (6) est placée entre la paire derails.

Le systeme (1) selon 'une des revendications 1 a 6,
dans lequel

- la série (8, 11) de sources lumineuses (4) est
un ensemble (14) de sources lumineuses (4)
placées soit surla base (5) du véhicule de trans-
port en commun (2), soit a proximité de la base
(4) du véhicule de transport en commun (2), soit
sur la voie (3), soit a proximité de la voie (3) ; et
- la série (9, 12) de photodétecteurs (6) est un
ensemble (15) de photodétecteurs (6) placés
soit sur la base (5) du véhicule de transport en



10.

1.

12.

13.

19 EP 3 422 604 B1

commun (2), soit a proximité de la base (5) du
véhicule de transport en commun (2), soit surla
voie (3), soit a proximité de la voie (3),

dans lequel le nombre de sources de lumiére (4)
dans le réseau (14) est égal au nombre de photodé-
tecteurs (6) dans le réseau (15), de sorte que pour
établir un réseau (16) de canaux de communication
de lumiere visible (7) un a un entre les sources de
lumiere (4) du réseau (14) de sources de lumiére
(4), etles photodétecteurs (6) du réseau (15) de pho-
todétecteurs (6).

Le systéme (1) selon I'une des revendications 1a 7,
dans lequel la source de lumiére (4) estinsérée dans
un fond (17) d’une premiére boite (18) et le photo-
détecteur (6) est inséré dans un fond (19) d’une
deuxieéme boite (20), dans lequel, lorsque la premié-
re boite (18) est en ligne de mire de la seconde boite
(18), le fond (17) de la premiére boite (18) dans la-
quelle la source de lumiére (4) estinsérée estle plus
éloigné du fond (19) de la seconde boite (20) dans
laquelle le photodétecteur (6) est inséré.

Le systéme (1) selon I'une des revendications 1 a 8,
dans lequel la source de lumiére (4) est une diode
électroluminescente.

Le systéme (1) selon I'une des revendications 1 a 9,
dans lequel la source de lumiére (4) et le photodé-
tecteur (6) sont adaptés pour établir un canal de com-
munication visuelle de la lumiére codé par couleur

(7).

Le systéme (1) selon I'une des revendications 1 a 9,
dans lequel la source de lumiére (4) et le photodé-
tecteur (6) sont adaptés pour établir un canal de com-
munication visuelle de lumiére modulé en intensité

).

Le systéeme (1) selon 'une des revendications 1 a
11 comprenant :

- un modulateur (23) adapté pour moduler la lu-
miere avec les données et pour transférer en
outre la lumiére a la source de lumiére (4) pour
'’émission de la lumiére modulée ;

- un démodulateur (24) adapté pour recevoir la
lumiére modulée du photodétecteur (6), et pour
démoduler la lumiére et extraire des données
pour une communication ultérieure.

Le systéeme (1) selon 'une des revendications 1 a
12, dans lequelle photodétecteur (6) est adapté pour
détecter uniquement la lumiére de couleur spécifi-
que ou uniquement la lumiére blanche.
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